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ABSTRACT
CXO J133815.6+043255 is an ultraluminous X-ray source (ULX) with ultraviolet, optical,
and radio counterparts located 10 kpc away from the nucleus of the galaxy NGC 5252. Optical
spectroscopic studies indicate that the ULX is kinematically associated with NGC 5252; yet,
the compactness of its radio emission could not rule out the possibility that the ULX is a
background blazar. We present follow-up VLBA radio observations that are able to resolve
the compact radio emission of the ULX into two components, making the blazar scenario
very unlikely. The east component is extended at 4.4 GHz and its detection also at 7.6 GHz
reveals a steep spectral index. The west component is only detected at 4.4 GHz, is not firmly
resolved, and has a flatter spectral index. Considering that the west component hosts the radio
core, we constrain the black hole mass of the ULX to 103.5 < MBH . 2 × 106 M and its
Eddington ratio to ∼ 10−3. The ULX is thus most likely powered by an intermediate-mass
black hole or low-mass AGN. Our results constitute the first discovery of a multi-component
radio jet in a ULX and possible intermediate-mass black hole.
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1 INTRODUCTION
Ultraluminous X-ray sources (ULXs) were initially touted as
sub-Eddington accreting intermediate-mass black holes (IMBHs)
with BH masses 100 . MBH . 105 M because of their location
off the center of galaxies and their X-ray luminosities exceeding
the Eddington limit of a 10 M stellar-mass BH (LX ≥ 1039 erg
s−1; e.g., see review by Kaaret et al. 2017). The recent finding of
X-ray pulsations in some ULXs (Bachetti et al. 2014; Israel et al.
2017a,b), together with dynamical mass measurements (Liu et al.
2013) indicate that many of them are instead either stellar-mass
BHs or neutron stars accreting at super-Eddington rates.
Only those extreme ULXs with LX ≥ 5 × 1040 erg s−1, not
easily explained by super-Eddington accretion, remain as possible
IMBH candidates (see review by Mezcua 2017). This is the case
of HLX-1 (e.g., Farrell et al. 2009; Davis et al. 2011; Webb et al.
2012), tagged as the best IMBH candidate among ULXs, M82-X1
(Kaaret et al. 2001; Pasham et al. 2014), or NGC 2276-3c (Sutton
et al. 2012; Mezcua et al. 2013c, 2015), three ULXs suggested to
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be the nucleus of a dwarf galaxy stripped during a minor merger
with the ULX host galaxy (King & Dehnen 2005; Soria et al.
2013; Mezcua et al. 2015). This scenario adds to the growing
body of evidence that IMBHs or low-mass AGN (MBH . 106
M) can be found in dwarf galaxies (e.g., Filippenko & Ho 2003;
Barth et al. 2004; Greene & Ho 2004, 2007; Reines et al. 2013;
Baldassare et al. 2015, 2017; Nguyen et al. 2017; Mezcua et al.
2016, 2018b), which has strong implications for understanding how
supermassive BHs form. The finding of high-redshift quasars when
the Universe was only 0.7 Gyr (e.g., Mortlock et al. 2011; Wu et al.
2015; Bañados et al. 2018) and of ultramassive BHs of more than
1010 M in the local Universe (McConnell et al. 2011; Mezcua
et al. 2018a) suggests that these behemoths must have been seeded
by BHs of 102 − 105 M in the early Universe and then grow
via accretion and cosmological merging (Volonteri et al. 2003).
Theoretical models predict that the leftover of those seed BHs that
did not grow into supermassive should be found in local dwarf
galaxies (e.g., van Wassenhove et al. 2010), where they might shine
as ULXs when undergoing a minor merger that strips the dwarf
galaxy of its stellar body. CXO J133815.6+043255 is a recently
discovered ULX that bolsters this possibility.
© 2015 The Authors
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The ULX CXO J133815.6+043255 is located at a projected
separation of 22 arcsec (∼10 kpc) from the nucleus of the S0
Seyfert galaxy NGC 5252 (redshift z = 0.0229; Kim et al. 2015). It
has a Chandra 0.5-8 keV X-ray luminosity of ∼ 1.5×1040 erg s−1,
which does not qualify it as an extreme ULX, and no significant
signs of X-ray variability. However, it has some peculiar properties
compared to other ULXs: (i) it has an optical counterpart that is
clearly detected in ultraviolet and optical images obtained with the
Sloan Digital Sky Survey (SDSS) and the Hubble Space Telescope
(mr ∼22 mag; Kim et al. 2015); (ii) its optical spectrum shows
strong emission lines with a fairly small (∼ 13 km s−1) systematic
velocity offset from that of the nucleus of the galaxy, revealing that
the ULX is likely associated with NGC 5252 (Kim et al. 2015); (iii)
the ULX is able to ionize the surrounding gas and to influence its
kinematics, as revealed by the signs of gas rotation centered on the
ULX (Kim et al. 2017); (iv) it has a strong radio counterpart, with
an average flux density in Very Large Array (VLA) observations of
up to 0.3 arcsec resolution of 3.2 mJy and 1.4 mJy at 1.4 GHz
and 8.4 GHz, respectively, and of 1.9 mJy at 4.9 GHz (Wilson
& Tsvetanov 1994; Kukula et al. 1995; Becker et al. 1995; see
table 2 in Yang et al. 2017). The ULX appears unresolved in all
these observations, as well as in 1.6 GHz Multi-Element Radio
Linked Interferometer Network (MERLIN) observations (Thean
et al. 2001) and in 1.6 GHz European VLBI Network (EVN)
observations with a resolution of 3 milli-arcsec (mas; Yang et al.
2017), and shows no evidence for variability of > 10% over 3 years
at 1.4 GHz and 8.4 GHz (Kim et al. 2015). All the above led to
the conclusion that CXO J133815.6+043255 is not powered by a
stellar-mass BH (Kim et al. 2015, 2017).
In this Letter we report Very Long Baseline Array (VLBA)
radio observations of the ULX CXO J133815.6+043255 at 4.4 GHz
and 7.6 GHz that resolve, for the first time, its radio emission.
The results make the blazar nature of the ULX very unlikely, in
agreement with optical studies, and provide a more robust estimate
of the ULX BH mass than in previous works, placing it in the realm
of IMBHs. The observations, data reduction, and results obtained
are described in Section 2 and discussed in Section 3. Final
conclusions and open issues are provided in Sect. 4. Throughout the
paper we adopt a ΛCDM cosmology with parameters H0 = 71 km
s−1 Mpc−1, ΩΛ = 0.73 and Ωm = 0.27, which yields a luminosity
distance for NGC 5252 of 98.4 Mpc.
2 OBSERVATIONS AND DATA REDUCTION
The ULX CXO J133815.6+043255 was observed with the
VLBA for eight hours on 2016 March 23 (project BL0226)
simultaneously at 4.4 GHz and 7.6 GHz in order to provide spectral
index information. Ten antennas participated in the observations:
Brewster, Fort Davis, Hancock, Kitt Peak, Los Alamos, Mauna
Kea, North Liberty, Owens Valley, Pie Town, and Saint Croix. The
observations were performed in phase-reference mode, alternating
between ∼5 min on the target source and ∼1 min on a nearby phase
calibrator (J1330+071). The bright radio source 3C279 was also
observed as fringe finder and bandpass calibrator. Each of the two
frequencies were recorded at a rate of 1024 Mbps in dual circular
polarization, using a bandwidth of 128 MHz split into 258 spectral
channels, and were correlated in Socorro (New Mexico) with an
averaging time of 2 s.
The correlated visibility data were split into two uv datasets,
centered at 4.4 GHz and 7.6 GHz, and independently calibrated in
amplitude (based on system temperatures and antenna sensitivities)
and fringe-fitted using the NRAO package Astronomical Imaging
Processing Software (AIPS) software. Sampling-based calibration
adjustments determined with the task ACCOR and ionospheric
correction were also applied at both frequencies. We consider a
systematic uncertainty of 5% in the flux calibration. The imaging
was performed in AIPS using CLEAN deconvolution and the
natural weighting of the data. The resulting 4.4 GHz image has
a root mean square (r.m.s.) noise of 26.4 µJy beam−1 and a
synthesized beam size of 4.94 × 1.95 mas2. To recover any diffuse
emission we also tried imaging without natural weighting and the
robust parameter set to 0; however, the extent of the 4.4 GHz
emission remains the same as when using natural weighting. To
obtain the radio map at 7.6 GHz we used the same beam size
as that of the 4.4 GHz radio map in order to derive the spectral
index. The resulting rms at 7.6 GHz is of 23.5 µJy beam−1. The
imaged data were fitted with two-dimensional elliptical Gaussians
with the AIPS task IMFIT. For the phase calibrator J1330+071,
we measured an integrated flux density of ∼0.1 Jy at 4.4 GHz
and 7.6 GHz. For the target CXO J133815.6+043255, the distance
between the two peaks at 4.4 GHz was measured from the lowest
4σ contours using the AIPS task TVDIST. The final images were
produced using the CASA1 software.
2.1 VLBA detection of the ULX CXO J133815.6+043255
The ULX CXO J133815.6+043255 is detected with the VLBA at
4.4 GHz and 7.6 GHz. At 4.4 GHz two peaks of radio emission
separated by 2.9 mas (1.4 pc at a distance of 98.4 Mpc) are detected,
each at a signal-to-noise ratio S/N∼9-10 (see Fig. 1). The extended
radio structure is oriented NE-SW. The fit of a double (one per
peak) two-dimensional elliptical Gaussian gives a flux density for
the east component of 0.36 ± 0.07 mJy and for the west one of 0.29
± 0.06 mJy (see Table 1), where the errors have been derived as the
quadratic sum of the uncertainty resulting from the Gaussian fitting
and the 5% systematic uncertainty on the flux densities. The whole
structure has a total integrated flux density of 0.66 ± 0.09 mJy. The
eastern component has a deconvolved size of 2.2 × 1.7 mas2 (1.0 ×
0.8 pc2) oriented at a P.A. of 139◦. The western one is oriented at
a P.A. of 155◦ and is resolved only on its major axis, hence its size
of 1.5 mas (0.7 pc) should be taken as an upper limit. According
to these results, the two components have a brightness temperature
TB > 5 × 106 K, indicating that the emission is non-thermal.
At 7.6 GHz a single component that is not resolved is detected
at S/N∼5 (Fig. 1, bottom). Its peak flux density is 0.12 ± 0.03 mJy
beam−1. The 7.6 GHz detection is spatially coincident within the
positional errors2 with the eastern component at 4.4 GHz (Fig. 1,
bottom). This allows us to derive the spectral index for the eastern
component, finding a steep value α = −2.0 ± 0.1 (where Sν ∝ να).
For the west component we derive a 5σ upper limit on its 7.6 GHz
peak flux density of 0.2 µJy beam−1 from the r.m.s at the 4.4 GHz
position. This yields an upper limit on its spectral index of α =
−0.6.
1 COMMON ASTRONOMY SOFTWARE APPLICATIONS
2 The total positional error of each of the detected components is
estimated, at each frequency, as the quadratic sum of the positional error
of that component in the phase-referenced map, the positional error of
the phase-reference calibrator, and the error of phase referencing due to
ionospheric effects.
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Table 1. Results of the elliptical Gaussian fitting of the ULX CXO J133815.6+043255. Column designation: (1) Component detected at S/N > 5, (2-4)
coordinates and positional error, (5) integrated flux, (6) peak flux, (7-8) angular and (projected) physical size, (9) brightness temperature.
Freq. RA DEC Pos. Error total peak Size TB
(GHz) (J2000) (J2000) (mas) (mJy) (mJy beam−1) (mas) (K)
4.4 east 13h38m15s .639 +04◦32′55′′.3708 0.9 0.36 ± 0.07 0.24 ± 0.03 2.2 × 1.7 (1.0 × 0.8 pc2) 6.3 × 106
4.4 west 13h38m15s .639 +04◦32′55′′.3696 0.8 0.29 ± 0.06 0.26 ± 0.03 <1.5 (<0.7 pc) ≥ 5.5 × 106
7.6 east 13h38m15s .639 +04◦32′55′′.3706 1.0 - 0.12 ± 0.03 <2.1 (<1.0 pc) -
VLBA 4.4 GHz
VLBA 4.4 GHz
E
W
Figure 1. VLBA image of the ULX CXO J133815.6+043255 at 4.4 GHz.
The synthesized beam size is 4.94 × 1.95 mas2 with the major axis oriented
at a position angle P.A.=169.7◦. Top: The 4.4 GHz contours are plotted
as (-3,4,5,6,7,8,9) × the off-source r.m.s. noise of 26.4 µJy beam−1. The
position and size of the components derived from the two-dimensional
Gaussian fitting are marked with white crosses. The peak flux density of
the east component is 0.24 mJy beam−1, that of the west component is 0.26
mJy beam−1. Bottom. The 7.6 GHz contours are plotted as (-3, 4, 4.5, 5) ×
the off-source r.m.s. noise of 23.5 µJy beam−1. The peak flux density of the
7.6 GHz emission is 0.12 mJy beam−1 and is coincident with the 4.4 GHz
east peak within the positional errors. North is up and east is left. The east
and west 4.4 GHz peaks are marked as ’E’ and ’W’, respectively.
3 DISCUSSION
3.1 The extended radio jet of the ULX
The 4.4 GHz VLBA observations of ULX CXO J133815.6+043255
reveal the first detection of a ULX pc-scale jet resolved into two
components. All previous VLBI observations of ULXs report, as
far as we know, either compact or slightly extended radio cores
(e.g., Mezcua & Lobanov 2011; Mezcua et al. 2013c, 2014, 2015;
Cseh et al. 2015a,b), including the 1.6 GHz EVN observations of
the ULX CXO J133815.6+043255 (Yang et al. 2017). These EVN
observations showed the detection of a compact radio component
with a flux density of 1.8 ± 0.1 mJy and a flat spectral index α ∼
-0.1, which Yang et al. (2017) identified as the radio core of CXO
J133815.6+043255. The EVN compact radio structure is however
resolved by our higher-resolution 4.4 GHz VLBA observations
into two components with a total flux density of 0.66 ± 0.09
mJy, indicating that the 1.6 GHz radio detection has some diffuse
jet emission and that it cannot be ascribed to the core. This is
reinforced by the steep α ≤-1.6 and α ≤-1.9 (considered as upper
limits given the different beam resolution and non-simultaneity
of the observations) found for the east and west components,
respectively, when using the 1.6 GHz flux density of Yang et al.
(2017) and the 4.4 GHz VLBA fluxes to derive the spectral indexes.
From the 4.4 and 7.6 GHz VLBA detections we find that
the east component has a steep spectral index (α = −2.0 ±
0.1) and that it is resolved with a size of 1.0 × 0.8 pc2 at 4.4
GHz, which precludes its identification as the radio core of CXO
J133815.6+043255. We note that its TB = 6.3 × 106 K is low
compared to the equipartition value of compact relativistic jets
(TB,eq. ' 5 × 1010 K; Readhead 1994). Given that the Doppler
factor is ∼ TB/TB,eq., no significant Doppler-boosting is present
in the east radio component. For the west one, only a lower limit
on TB can be derived given its partial (only major axis) resolved
structure; hence the presence of Doppler-boosting cannot be ruled
out here. Given that this component is not firmly resolved and has a
flatter spectral index (α ≤ −0.6) than the east one, the radio core is
more likely to be located here. For the purposes of investigating the
nature of CXO J133815.6+043255, in the next section we consider
the flux of the west detection as an upper limit to that of the radio
core.
3.2 The nature of the ULX
The resolved jet structure and steep spectra revealed by the VLBA
observations suggest that the ULX is not a background blazar, as
the radio emission of most blazars is dominated by an unresolved
flat-spectrum core. This is in agreement with optical spectroscopic
studies, which locate the ULX in NGC 5252, and with the lack
of significant radio variability over 3 years (Kim et al. 2015,
2017). It should be noted though that, when observed at low
frequencies, some blazars can show extended radio emission (e.g.
Kharb et al. 2010). From the radio emission standpoint the detected
VLBA emission could be also consistent with that of compact
steep spectrum (CSS) sources, which are young radio sources
with steep-spectrum small-scale jets (O’Dea 1998). However,
CSS sources have typically strong optical emission lines (e.g.
Morganti et al. 1997; Tadhunter 2016), hence the nature of CXO
J133815.6+043255 as a CSS is ruled out by its optical spectrum
showing that it belongs to NGC 5252 (Kim et al. 2015).
NGC 5252 seems to have undergone a past interaction, as
evidenced by the finding of a small-scale half-spiral of dust near
the nucleus of the galaxy and of a kinematical decoupling between
MNRAS 000, 1–6 (2015)
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the stars and the gas (Morse et al. 1998; Keel et al. 2015).
This, together with the size of the optical counterpart of CXO
J133815.6+043255 (. 46 pc; Kim et al. 2015) being consistent
with that of ultracompact dwarf galaxies, suggests that CXO
J133815.6+043255 is the nucleus of a dwarf galaxy that was
accreted by NGC 5252 (Kim et al. 2015, 2017). In this scenario,
the ULX could be either an AGN powered by an IMBH or a
low-luminosity AGN (LLAGN).
LLAGN host supermassive BHs with masses > 106 M , have
typically X-ray luminosities ∼ 1040−41 erg s−1 (Ho 2008) and
their nuclear radio emission is usually associated with unresolved
cores (e.g., Ulvestad & Ho 2001; Nagar et al. 2005; Baldi et al.
2018; Saikia et al. 2018). CXO J133815.6+043255 shows [OIII]
and X-ray luminosities of 1039.7 and 1040.2 erg s−1, respectively
(Kim et al. 2015), consistent with those of LLAGN. Because of
this and based on the finding of compact radio emission with a flat
spectrum, Yang et al. (2017) argued that CXO J133815.6+043255
is a LLAGN. However, when observed with sufficient angular
resolution and sensitivity, LLAGN can show resolved pc-scale
radio emission (e.g., Mezcua & Prieto 2014; Baldi et al. 2018). This
could be the case of CXO J133815.6+043255, for which we find
that the pc-scale radio jet is resolved into two components. Given
their size and radio spectral index, we ascribe the east component
to a radio lobe and the west one to the radio core.
To probe the nature of CXO J133815.6+043255, we compute
the RX ratio of 5 GHz radio luminosity to 2-10 keV X-ray
luminosity (Terashima & Wilson 2003). LLAGN have typically
−3.8 < log RX < −2.8, X-ray binaries log RX < −5.3, supernova
remnants log RX ∼ −2, and IMBHs −5.3 < log RX < −3.8
(Mezcua et al. 2013a,b). Using the 4.4 GHz flux density of the
western component we find log RX = -3, consistent with LLAGN.
Note though that since the western component is slightly resolved,
its flux density should be taken as an upper limit to the core radio
emission and so the value of RX. The same result would be obtained
when considering the flux of the east component as an upper limit
to the core emission.
Those BHs accreting at sub-Eddington rates and in a low/hard
X-ray state are found to follow an empirical correlation, supported
by theoretical models of accretion, that relates their nuclear X-ray
luminosity with their core radio luminosity and BH mass (e.g.,
Falcke et al. 2004; Körding et al. 2006; Gültekin et al. 2009; Plotkin
et al. 2012; Saikia et al. 2018; see Mezcua et al. 2018a for a brief
review). Using this fundamental plane of BH accretion, Yang et al.
(2017) estimated a BH mass for CXO J133815.6+043255 of ∼ 109
M , which is unreasonably large for an AGN in a dwarf galaxy.
The finding that their EVN radio emission is resolved when using
higher-resolution VLBA observations indicates that the BH mass
of ∼ 109 M should be taken as a very rough upper limit to the
ULX BH mass. From the 4.4 GHz radio luminosity of the western
VLBA component (LR = 1.5×1037 erg s−1), which we consider as
an upper limit to the core radio luminosity, and the ULX 2-10 keV
X-ray luminosity (LX = 1.2 × 1040 erg s−1; Kim et al. 2015), we
estimate an upper limit on the ULX BH mass of MBH . 2×106 M
when using the most recent and refined version of the fundamental
plane of BH accretion (Saikia et al. 2018):
logLR = (0.48 ± 0.04)logLX + (0.79 ± 0.03)logMBH + 11.71 (1)
The fundamental plane of Saikia et al. (2018) has been derived
from an homogeneous sample of LLAGN with core radio emission
based on uniform resolution and sensitivity VLA observations at
15 GHz, while previous correlations were derived from radio flux
densities that could possibly trace nuclear jet luminosities and not
only core luminosities (Saikia et al. 2018). Using the Gültekin
et al. (2009) correlation we obtain MBH . 107 M , while using
those of Körding et al. (2006) and Plotkin et al. (2012) we estimate
MBH . 6 × 108 M . Similar upper limits would be obtained when
considering the flux of the east component as an upper limit to the
core emission.
The upper limit on the ULX BH mass of . 2 × 106 M
is in agreement with the dynamical mass Mdyn = 4 × 107 M
derived by Kim et al. (2017) and with the lower limit of 103.5 M
obtained assuming that the bolometric luminosity does not exceed
the Eddington luminosity (Kim et al. 2015). It is also consistent
with the MBH . 106 M of most of the low-mass AGN found
in dwarf galaxies (e.g., Filippenko & Ho 2003; Barth et al. 2004;
Greene & Ho 2004, 2007; Reines et al. 2013, 2014; Baldassare et al.
2015; Secrest et al. 2015; Nguyen et al. 2017; Mezcua et al. 2016,
2018b), suggesting that the ULX hosts also a low-mass AGN.
Low-mass AGN in dwarf galaxies are typically found to
accrete at near-Eddington rates. Detections of sub-Eddington
accreting AGN in dwarf galaxies showing radio jets are scarce (e.g.,
NGC 4395, Wrobel & Ho 2006; NGC 404, Nyland et al. 2012;
only 1 out of 19 objects in Greene et al. 2006; 3 out of 40 sources
in Mezcua et al. 2018b); hence the finding of an additional source
such as CXO J133815.6+043255 is very significant. Assuming a
BH mass of 2×106 M and a bolometric luminosity Lbol = 8×1041
erg s−1 (derived from the [OIII] luminosity adopting the conversion
Lbol/L[OIII] ∼ 162; Stern & Laor 2012; Kim et al. 2015), we derive
an Eddington ratio for CXO J133815.6+043255 of 3× 10−3. Using
the higher BH mass limit of 107 M or 6 × 108 M derived from
other fundamental correlations the ULX would have an Eddington
ratio ∼ 10−7 − 10−5. This would produce a ionization parameter
for the optical emission lines typical of low-ionization nuclear
emission-line regions (LINERs), which have [OIII]/Hβ < 3 (Ho
et al. 1997). Instead, CXO J133815.6+043255 is observed to have
[OIII]/Hβ ∼ 9 typical of Seyfert galaxies (Kim et al. 2015). We
thus conclude that the ULX is most likely to host an IMBH with
103.5 < MBH (M) . 2 × 106 rather than a supermassive BH.
4 CONCLUSIONS AND OPEN ISSUES
IMBHs are thought to be the local relics of the early Universe
supermassive BH progenitors. Finding observational evidence of
their existence is thus of paramount importance for understanding
how supermassive BHs grow. Most IMBH candidates are
found as low-mass AGN with no radio emission and near- to
super-Eddington accretion rates, as expected from simulations in
which early BH growth proceeds through short high-accretion-rate
phases (e.g., Volonteri & Rees 2005; Pezzulli et al. 2016;
Anglés-Alcázar et al. 2017). The finding of low-mass AGN
with extended radio jets and sub-Eddington accretion rates such
as CXO J133815.6+043255 has thus important implications for
cosmological models.
Unlike most low-mass AGN, CXO J133815.6+043255 is a
ULX located 10 kpc away from the center of its host galaxy.
This suggests that it is the nucleus of a dwarf galaxy that was
stripped in the course of a minor merger. Numerical simulations
show that BH growth in dwarf galaxies can be triggered by minor
mergers; however, evidence of AGN-triggered activity in a dwarf
galaxy is scarce (Bianchi et al. 2013; Secrest et al. 2017). CXO
J133815.6+043255 could be a new case of a BH that became active
in the course of a minor merger event.
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The ULX CXO J133815.6+043255 is also one of the few
low-mass AGN known able to ionize the gas that surrounds it (Kim
et al. 2017). This incidence of AGN feedback in dwarf galaxies
is an issue of major debate. Most numerical simulations maintain
that supernova feedback hampers BH growth and thus the impact
of AGN feedback in low-mass galaxies (e.g., Dubois et al. 2015;
Bower et al. 2017; Anglés-Alcázar et al. 2017; Habouzit et al.
2017), others that AGN feedback is the one that has the biggest
impact on the stellar populations of dwarf galaxies (Smethurst et al.
2016; Dashyan et al. 2018). Observationally the results are also
controversial: Martín-Navarro & Mezcua (2018) find support for
the supernova feedback scenario, while Penny et al. (2018) report
that AGN feedback could regulate star formation in dwarf galaxies.
CXO J133815.6+043255 seems to bolster this possibility. Further
observational studies are needed to clarify the roles that supernova
and AGN feedback play in regulating BH growth in dwarf galaxies.
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